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Guest Editorial Review 

THE DECLINE IN PRIMARY TOOTH DECAY IN NEW ZEALAND 
BEFORE THE USE OF FLUORIDES+ 

SUMMARY Official data collected in New Zealand over a 
50-year period suggest that  the general decline in decay of 
primary teeth in 5-year-olds started well before the wide- 
spread use of fluoride and is closely related to  the expansion 
of school dental services. 

The dramatic decline in dental decay which has occurred in recent decades 
in developed countries (11, including New Zealand (2), has been attributed to 
water fluoridation and the increased use of fluoride. However, recent commen- 
taries have drawn attention to temporal reductions in both primary (3) and 
permanent (4) tooth decay, which cannot be attributed to fluoridation or 
fluorides. In Australia and New Zealand differences in dental decay prevalence 
between fluoridated and non-fluoridated areas are small (4-9). It has been 
suggested that diet and immunity a re  factors which contributed to these 
declines (4). J.M. Dunning has suggested another factor: ". . . caries is now 
recognized as an infectious disease. Perhaps it is also contagious, and the 
sum total of our preventive measures, t o  date, may have so reduced the 
bacterial reservoir that channels of contagion are drying up." (10) Regular 
dental treatment is one of the measures which reduces that reservoir. 

In New Zealand children commence schooling a t  5 years of age. For this 
age group dental health statistics, which have been continuously kept, provide 
a valuable epidemiological record (11-17). Starting in 1922 the New Zealand 
School Dental Service gradually expanded, raising the age of those enrolled, 
with pre-school enrollments also increasing until, by 1965 almost all school- 
children aged 5 to 12 or 13 years, and most preschool children, were receiving 
regular dental care a t  school clinics (11). Primary as well as permanent teeth 
have been treated at 6-monthly intervals, increasingly by fillings rather than 
extractions, so that eventually almost all children have experienced early 
removal of the diseased tissue which harbored the "bacterial reservoir." 
Counselling on diet and oral hygiene, likewise to  mothers of preschool children, 
accompanied such treatment. 

Data were collected from the following sources: 1) from 1940 to 1971 
Department of Health information on all 5-year-old new patients as they 
enrolled in the School Dental Service (11); 2) An early study of primary teeth 
from 1932 to 1948-50 in the Wellington region (12) where, according to a 1 9 4 8  
50 national survey (I3), decay prevalences did not differ from the national 
average; 3) Recent studies in 1977 and 1982 (14,lS); 4) Official information 
on the growth of the School Dental Service (11); 5) Official information on 
the introduction of water fluoridation (16). The information is presented in 
the Figure. 

The Figure shows that improvement had started well before the introduc- 
tion of water fluoridation. Even if one questions the 1932 information, after 
1940 a decay decline was clearly underway. In the 1960's other fluoride uses 
(tablets and clinical applications) became widespread about the same time as 
water fluoridation, but fluoride toothpastes were not widely marketed until 

Presented in part at the 15th Conference of ISFR, July 31-August 2, 1986 
at Utah State University, Logan, Utah, USA 

1 



Editorial 

Decline in Dental Decay of 5-Year-Olds. Solid line: Average no. decayed, 
missing and filled teeth (dmft). Broken line: Dental decay prevalence (100 
percent caries-free). 
Enrollment in School Dental Service. Broken Line: percent of total child 
population. Solid line: percent of pre-school population. 
Fluoride source. Solid line: percentage of population with water fluoridation. 
Broken line: fluoride toothpaste percentages of total toothpaste sales. 

DENTAL DATA AND SOURCES 

Date of Size of Percent Source 
Collection Sample drnft caries-free reference 

1930-32 
1940 

1948-50 
1950 
1 950 
1955 
1960 
1961 
1966 
1971 
1977 
1982 

263 
"70 C I in ics" 

692 
22,5 14 

"70 Clinics" 
44,976 

"70 C I in i cs" 
65,001 
87,499 
88,573 

998 
958 

11.2 0.7% 
8.48 4.35% 
7.1 12.28% 
7.45 - 
6.85 14.37% 
7.34 - 
6.07 16.74% 
5.87 - 
5.17 - 
4.04 - 
3.75 34% 
2.6 44% 

12 
11 
12 
11 
11 
11 
11 
11 
11 
11 
14 
15 

For any one year dmft for the larger or largest sample is presented in the 
Figure: 4000 to 5OOO new 5-year-old patients attended "70 clinics." 
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well after 1970 (16). Thus, fluoride could only have accelerated the  last s tage 
of  the  decline in decay of primary teeth,  which has continued in both non- 
fluoridated and fluoridated areas (9,14,15). However, this decline and the  
gradual expansion of the  School Dental Service are well correlated. 

Similar continuous statistical information is not available in New Zealand 
for older children and, therefore, for permanent teeth. However, a similar 
overall decline in permanent tooth decay, with or without fluoridation, has 
occurred between 1950 and today (9,17). This decline was much steeper, in 
both fluoridated and non-fluoridated areas, after 1977, the year of a significant 
national change in diagnostic procedure within the School Dental Service (5,6). 
Since the  disease process for car ies  of permanent teeth is not essentially 
different from that  of primary teeth, i t  seems probable that  a similar decline 
in permanent tooth decay could have occurred in other  developed countries 
independently of fluoridation. 

Evidence for the  early decline in primary toothdecay, based on t h e  dental 
data  (1932-55) then available, was presented in 1957 t o  t h e  New Zealand 
Commission of Inquiry into fluoridation by the Director of t h e  School Dental 
Service. He attributed the  decline to education about diet and oral hygiene 
among mothers and young children (18). Nevertheless both he and the Commis- 
sion believed that  water  fluoridation would be the  only effect ive way t o  reduce 
the  dental decay still rampant among older children. Few, a t  that  time, appear 
t o  have suspected that  the  above t rend in the  lower age group might b e  t h e  
start of a decline which would continue and eventually a f fec t  the  older age  
groups as well. Research underway shows that by 1981, a great  improvement 
in the  average New Zealand diet had occurred; more protective foods were 
being eaten, including more than double the  1930 consumption of fresh fruit 
and vegetables (summary supplied by Professor J.A. Birkbeck, N.2. Nutrition 
Foundation). 

In 1977, Professor D.J. Beck made the  following comment on the  da ta  
on 5-year-olds: "It i s  certainly not a fluoride effect, being too early for that  
- a t  least between 1940 and 1950. Perhaps it is my turn to be  naive when 
I ascribe t h e  improvement to health education . . ." (19). The current official 
view is: "The Division of Dental Health believes that  the decline in car ies  
prevalence in the deciduous dentition from 1950 to the  early 1970's was largely 
a result of the  increasing affluence and increasing general education of the  
population. The decline in caries prevalence since the  early 1970's (which is  
more marked in the  permanent ra ther  than the  deciduous dentition) is believed 
to be related to the  increased availability of fluorides in tablet form and, in 
particular, in toothpaste, and fluoridation, and a change to a preventive orien- 
tation in the School Dental Service" (20). However, the evidence presented in 
this paper suggests that  child dental health in New Zealand, as in Denmark 
(211, has been significantly influenced by the  continuing educational, preventive 
and early t reatment  approach to the  problem, rather  than by fluoridation. 
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LIVER AND LUNG ARYL HYDROCARBON HYDROXYLASE ACTIVITY 
IN BENZO(a)PYRENE TREATED RATS: 

LACK O F  EFFECT O F  HYDROGEN FLUORIDE 

by 

G. Bornpart*, J. Rakotoarivony and Y. Ganuel 
Toulouse Cedex, France 

SUMMARY: W e  have studied the  effect of benzo(a)pyrene 
(B(a)P) and hydrogen fluoride (HF), given separately or  
together to ra t s  on (a)  the  liver and lungs aryl hydrocarbon 
(B(a)P) hydroxylase activity and (b) cytochrome P s s o  levels 
in liver and lungs. B(a)P was administered intraperitoneally 
once a week and HF by continuous inhalation, over a total  
period of 157 days. 

The results show a high aryl hydrocarbon hydroxylase 
activity induced by B(a)P in the  lung rnicrosomes; however, 
HF does not exhibit any effect. The slight increase of lung 
cytochrome P&so levels induced by B(a)P is not significant. 
On the  other  hand, B(a)P and HF do not induce any effect 
on aryl hydrocarbon hydroxylase activity and cytochrome Puso 
levels in the liver. 

KEY WORDS Aryl hydrocarbon hydroxylase; Benzo(a)pyrene; Cytochrome P4 5 o; 
Hydrogen fluoride; Microsomes; Polycyclic aromatic  hydrocarbon. 

Introduction 

Benzo(a)pyrene (B(a)P) is a procarcinogen polycyclic aromatic hydrocarbon 
present in our  environment. In the cells, i t  is metabolized by the rnicrosornal 
aryl hydrocarbon hydroxylase into many derivates including epoxides, phenols, 
and quinones (1,Z). Epoxides a r e  transformed into diols by epoxide hydrolase 
and the  diols are recycled through the  aryl hydrocarbon hydroxylase to yield 
diol epoxides which a r e  generally considered to  be the ul t imate  carcinogens 
(3-6). 

The activity of these enzymes depends on various compounds. Gelboin (2) 
demonstrated a relationship between the enzymatic activity of aryl hydrocarbon 
hydroxylase and the cytotoxic e f fec ts  of polycyclic aromatic hydrocarbons. The 
da ta  indicated that  the  inhibition of aryl hydrocarbon hydroxylase by 7-8-benze 
flavone decreases the  toxic e f fec t  of polycyclic aromatic hydrocarbons (7.8) 
by preventing the covalent binding of nucleic acids and protein (9). Gorban 
(10) found that  sodium fluoride incorporated into the  diet  of rats a t  a daily 
dose of 1.5 rng F /kg reduced the rate of liver tumors induced by p-dimethyl- 
aminoazobenzene. Palmer ( I  1) showed an inhibition of benzopyrene hydroxylase 
activity by several concentrations of 03, and no demonstrable early or delayed 
ef fec t  of NOp inhalation. 

* INSERM U 133, Facultd d e  MBdecine, 133 route de  Narbonne, 31062 
Toulouse Cedex, France. 
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6 Bornpart, Rakotoarvony and Manuel 

Since HF and polycyclic aromatic hydrocarbons are commonly present 
together in industrial atmospheres, this study was undertaken to  investigate 
(a) whether repeated administrations of benzo(a)pyrene can  have an e f fec t  on 
aryl hydrocarbon hydroxylase activity and cytochrome PCSO levels in lungs and 
liver; and (b) whether HF can have a measureable e f fec t  on these parameters. 
Moreover, since aryl hydrocarbon hydroxylase is an isoenzyme of the  cyto- 
chrome Prso  system, we have measured t h e  total CO-binding cytochrome PSSO 
in order to investigate whether the modifications observed in aryl hydrocarbon 
hydroxylase activity can be correlated with the  total cytochrome Pbso. 

Materials and Methods 

Exposure room. Male Sprague-Dawley ra t s  of 250 g average weight, housed 
six per cage, were exposed 24 hours each day to HF in an air-conditioned room 
(volume 20 ma, temperature 20°C, humidity 75%) with an air  turnover rate 
of 160 m3/h a t  a level of 0.60 i0.15 mg HF/m3. Such HF concentration was 
chosen because i t  is commonly encountered in industrial atmosphere (aluminum, 
fertilizers) and in various experimental designs (12,131. Gaseous H F  was pro- 
duced from a n  aqueous HF solution transferred by a peristaltic pump into a 
vaporization PTFE oven thermostated at 150°C. The desired concentration of 
atmospheric HF was obtained by adjusting t h e  concentration and t h e  flow of 
the aqueous HF solution. whereas the flow of a i r  prealably purified by passing 
through a cellulose filter impregnated with sodium hydroxide was constant. The 
atmospheric concentration was checked daily by passing a measured volume 
of air thrcugh a cellulose filter impregnated with sodium hydroxide. The 
collected F was determined (14,151 by a fluoride specific e lectrode (Orion 
96-09). During exposure, the ra t s  had f ree  access t o  water  and food. 

Experimental design and techniques. The r a t s  were segregated into four groups 
of 60 animals as follows: a control group which received a weekly intraperi- 
toneal injection of 0.25 mL/rat of vehicle (sunflower oil); a n  H F  group t rea ted  
as the control was constantly exposed t o  an HF atmosphere; a B(a)P group 
was treated weekly with 2.5 mg B(a)P until the  end of the  experiment; an H F  
+ B(a)P group was treated with both B(a)P and HF as described above. 

Five rats of each group were killed on the  third day and every fortnight 
thereafter. Blood was drained by aortic puncture, following which ionic fluoride 
was determined using a fluoride specific electrode. Liver and lungs were 
removed and homogenized in a 0.1 M phosphate buffer (pH 7.4). The homo- 
genate  was centrifuged twice a t  10,000 g for 10 min. Af te r  separation t h e  
supernatant was again centrifuged a t  100,000 g for I h. In the  microsomal 
fraction, the  protein was determined using Lowry’s method (16); cytochrome 
Py 5 0 levels and aryl hydrocarbon hydroxylase (benzopyrene hydroxylase) activity 
were quantified usine McLean (17) and Nebert-Gelboin’s (18) method respective- 
ly. Cytochrome P C S O  levels and aryl hydrocarbon hydroxylase activity were 
expressed as nmoles cyto Py50/mg of protein and nmoles 3-hydroxybenzopyrene 
produced/mg of proteidmin. 

Student’s t-test was used to determine statistical significance. A p value 
of 0.05 or less was considered statistically significant. 

Results and Discussion 

Activity of pulmonary aryl hydrocarbon hydroxylase. For both control and H F  
groups, the pulmonary aryl hydrocarbon hydroxylase activity was lower than 

Volume 21, No. 1 
January, 1988 



Liver and Lung Aryl Hydrocarbon Hydroxylase Activity in Treated Rats  7 

that  of t h e  liver by about a hundred fold. Figure 1 shows HF does not change 
the  aryl hydrocarbon hydroxylase activity. On the  other  hand, in the two B(a)P 
t rea ted  groups, the  aryl hydrocarbon hydroxylase activity increases rapidly and 
a plateau occurs a t  t h e  73rd day. In all these experiments, the presence of 
H F  does not significantly influence (p  > 0.05) the  activity of the  aryl hydro- 
carbon hydroxylase. 

Figure 1 

Aryl Hydrocarbon Hydroxylase (A.H.H.) Activity of Pulmonary Microsomes 

A.Y.B. 
nrohdmg prot*ln/min 

0.01! 

0.OlC 

0.005 

0.001 

3 17 31 45 5 

control HF 

73 I 

B(a)P 

101 1 129 1 

B(a)P + HF S.D. 

nllnT 
Values a r e  means of five determinations (x iS.D.). 

The strong inducibility of t h e  aryl hydrocarbon hydroxylase may account 
for  t h e  high sensitivity of the lungs to the  risk of cancer  induced by polycyclic 
aromatic  hydrocarbons. Genetic control of  aryl hydrocarbon hydroxylase induci- 
bility has  been reported in mouse (19) and man (20,211. Whitlock (22) and 
Busbee (23) showed tha t  aryl hydrocarbon hydroxylase is inducible in the  human 
cultured lymphocytes and leukocytes systems. Later  Kellermann (24) reported 
that  a group of lung cancer  patients showed a higher level of inducible aryl 
hydrocarbon hydroxylase than a healthy control population. Kellermann inferred 
that  a n  assessment of the  risk of lung cancer  might be possible, using indivi- 
dual levels of aryl hydrocarbon hydroxylase inducibility as the criterion for  
risk determination. 

Activity of liver aryl hydrocarbon hydroxylase. Figure 2 does not show any 

Fluoride 
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Figure 2 

Aryl Hydrocarbon Hydroxylase (A.H.H.) Activity of Liver Microsomea 

0.300 

0.200 

0 . IW 

control HF B(a)P + HF S.D. 

L.U.Y. 
-lrs/mg protain/min 

Values a r e  means of five determinations (3 tS.D.). 

significant effect in the  three groups of t rea ted  rats. The lack of B(a)P induc- 
tive e f fec t  can explain the  low sensitivity of the liver for this carcinogenic 
compound. Thus Kitawaga (25) reported liver carcinoma caused by B(a)P only 
a f t e r  partial hepatectomy and promotion by phenobarbital. On the  other  hand, 
Post and Snyder (26) reported that in vitro benzo(a1pyrene hydroxylation wag 
not affected by fluoride. 

Cytochrome Pr 5 levels. For all groups, the  pulmonary cytochrome 
P r s o  (Figure 4) was about ten fold lower than that  of liver (Figure 3). These 
results are in agreement with those of other  workers who report 1ung:liver 
cytochrome P v s 0  ratios ranging between 10 (27) and 5 (28) percent. 

The experiments carried out showed no ef fec t  of B(a)P, B(a)P + H F  and 
HF on the  liver cytochrome PrSO measured levels (Figure 3). The lungs show 
a slight but not significant (p  > 0.05) increase of cytocrome Peso levels in 
B(a)P and B(a)P + HF groups (Figure 4). For lungs (despite the  increase of aryl 
hydrocarbon hydroxylase activity), this observation can  be  explained by the  
occurrence of  several types of cytochrome PrSo, and increases in a single type 
may not yield detectable  increases in the  total  CO-binding reduced cytochrome 
Pus o measurements. Thus benzene t reatment  increases the  metabolism of 
benzene, zoxazolarnine, neoprontosil and p-nitrobensoate without increasing 
cytochrome P, S O  measured levels (29,301. 
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Figure 3 

Cytochrome P2s0  Levels of Liver Microsomes 
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Plasma ionic F- levels. This determination allows us t o  establish whether the  
rise in plasma F concentration is parallel, during the  experimentation period, 
in the  two groups of animals exposed t o  HF, while they remain unchanged in 
non-exposed animals (Figure 5). 
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NaF EFFICACY IN THE OTOSPONGIOTIC-OTOSCLEROTIC DISEASE 
Seven Series of Experiments 

by 

Jean R. Cause* ,  J. Bernard Causse, George E. Shambaugh, 

(Mziers, Chicago, Copenhagen, Paris) 

SUMMARY: NaF is an effect ive therapy which acts on the  
enzymatic mechanism leading t o  cochlear deterioration. Its 
action is widely discussed. 
The purpose of this paper is to demonstrate NaF effectiveness 
by means of: 
1. Biochemical methods which consist of studying NaF action 
on the proteolytic act ivi ty  of otospongiotic perilymph samples 
taken at the  t ime of stapedectomies. 
2. Experimental methods, e i ther  in vitro or in vivo (laboratory 
animals and human perilymph). 
3. Enzymatic methods through multiple enzyme correlations. 
4. Cytochemical methods in studying t h e  Ca/P ra t io  In oto- 
spongiotic foci. 
5. Radiological methods through polytomographic changes seen 
in the cochlear capsule before and a f t e r  NaF therapy. 
6. Labelling products, using Strontium 85. 

7. Clinical studies on computerized d a t a  and clinical double- 
blind placebo-cont rol led investigations. 
These experiments indicate tha t  sodium fluoride action is 
effective. 

KEY WORDS Cochlear otosclerosis, enzyme, Immune, NaF, Otosclerosis, Oto- 

Paul Bretlau, Jose Uriel and Joset te  Berges 

spongiosis. 

Methods and Materials 

The action of NaF therapy in t h e  otospongiotic-otosclerotic disease has  
been widely discussed in the  past, some have denied any act ivi ty  of NaF on 
cochlear deterioration; others  were confident in i t s  efficacy. In spi te  of 
numerous studies, it  is still controversial. 

However, our numerous experiments in vitro, in vivo, on laboratory animals 
and on human patients through enzymatic, cytochemical and anatomo-pathologi- 
cal experiments, have led us to believe that  the  mechanism of NaF activity 
is  an enzymatic action on the  first phase of destruction, the  most important 
in regard to otosclerotic bony foci and inner ear fluids. 

* Jean R. Causse, M.D., Otology Clinic, 2 Avenue Alphonse Mas, 34325 
Mriers, BP 4225 France. 
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This paper is  t o  demonstrate  NaF effectiveness through the  following 
seven types of methods: biochemical, experimental, enzymatic, cytochemical,. 
radiological, clinical and by labelling products, which can constitute objective 
proofs of NaF inhibition action on otospongiotic foci. 

I. Biochemical Methods consist in studying NaF action on t h e  proteolytic 
activity of otospongiotic perilymph samples: 11 by action of the  gelatin of 
photographic films according t o  Adams’s method (I). This screening method 
has allowed us strong s ta t is t ical  correlations between the  intensity of the 
proteolytic action of the perilymph and the cochlear deterioration: 84% for 
direct correlations (2,3,4); 21 by microelectrophoresis, leading to specific 
revelations according to Uriel-Avrameas’s method (5,6). This qualitative study 
has allowed us to find 6 enzymes in perilymph samples, particularly trypsin. 
The last mentioned has been used as the  basic enzyme for our investigations 
(Figure I). 

I t  is not possible to give detailed explanations, but we would like to stress 
the following three  essential points: 

1. 

2. 

3. 

1. 

2. 

3. 

4. 

NaF has demonstrated i t s  inhibition e f fec t  in minute doses: enzymes are 
inhibited in vi t ro  in the proportion of 0.5 mg NaF t o  1 mg trypsin; 

perilymph of control cases (MbniBre’s and Paget) have given negative 
results; 

there  i s  an action threshold, under which NaF does not act and beyond 
which increased doses are not more effective. Awareness of this action 
threshold is  essential in the  t reatment  of the  otospongiotic disease by 
NaF. 

I1 Experimental Methods 

In vitro, G. Shambaugh and S. Kacker (7) have demonstrated by spectro- 
photometry NaF inhibition action on the hydrolytic action of alphachymo- 
trypsin. 

In vivo, G. Shambaugh has  studied calcium increase in long bones, and 
with Petrovic  (8 )  and Sundar (9) the  arrest  of bone resorption by NaF. 
Schatzle and Westerhagen (10.11) observed an important decrease in phos- 
phatasic acid activity in animals t reated with NaF. Waltzer (12), Petrovic 
and Stutzmann (13,14) noted a decrease of phosphatasic acid in the  vicinity 
of otospongiotic foci a f t e r  extended NaF therapy. Causse (4) demonstrated 
NaF action on t h e  t rypt ic  act ivi ty  of the perilymph. 

In laboratory animals, G. Shambaugh and A. Petrovic used tetracycline 
fluorescence t o  demonstrate NaF value in inactivation of otosclerotic 
bony lesions, and in promoting e f fec t  of NaF on the  calcareous deposit 
on new bone (15). 

In humans, comparative dosages of trypsin in perilymph samples, before 
and a f t e r  NaF therapy, on otosclerotic patients operated on by stapedec- 
tomy (4) have shown a constant and significant decrease in trypsin values, 
averaging I to 2 mg/mL a f t e r  NaF therapy administered during one year 
a t  moderate daily doses (15 to 45 mg/day). 
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Figure 1 Figure 2 

Qualitative Study on 12 Enzymes Equilibrium = no cochlear deterioration 
(Uriel and Avrameas Method) v 

a1 antitrypsin 
a2 macroglobulin 

1. POSITIVE RESULTS 
Phosphatasic Acid 
Alpha Chymotrypsin 
Collagenase 

2. NOT 

R ibonuc I ease 
Lacta te  Dehydrogenase 
Trypsin Rupture of Equilibrium = 

FOUND IN THE SAMPLES: 

A 

Cochlear Deterioration 

Elastase 
Deaoxyr ibonuclease 
Carboxypept idase 
Cathepsin 
Hyaluronidase 
Galactosi dase 

v 
01 antitrypsin 

decreasing 
02 macroglobulin 

decreasing 

INCREASING 

111 Enzymatic Methods 

Multiple correlations established for  four years on 648 samples of peri- 
lymph indicate that  NaF effectiveness is due to threefold action (2,3) (Figure 
2): 

1. 

2. an overall reduction in enzymatic values both in t h e  perilymph and in 
the microfoci of the  o t ic  capsule; 

3. a direct or indirect conversion of act ive otospongiotic foci into inactive 
otosclerotic foci by Ca/P rat io  changes (16). 

The pat tern is precise: trypsin (or a similar enzyme) is  t h e  direct cause 
of cochlear deterioration; a1 antitrypsin acts inversely to trypsin; t h e  two 
major protease inhibitors, a 1 antitrypsin and a2 macroglobulin, work together 
for the  inhibition of t rypt ic  activity (4). 

IV Cytochemical Proofs 

a direct inhibition action on t rypt ic  and similar enzyme values; 

The double-blind study carr ied out by Paul Bretlau et al (16) on 36 foot- 
plates of otosclerotic patients, operated on by stapedectomy, showed tha t  
NaF therapy may stabilize otospongiotic lesions by retaining calcium in com- 
parison with phosphorus, thus changing spongiotic types with unstable minerali- 
zation, into sclerotic lesions. This means that  NaF can convert act ive foci into 
inactive ones, e i ther  by inactivating the  hydrolytic and proteolytic enzymes, 
and/or by modifying the  Ca/P rat io  in the  foci, the  first favoring the  second. 
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Figure 4 (cont.) 

Thierry Raph. Audiograms (cont.) 
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V Radiological Methods 

As early as 1965, Derlacki and Valvassori (17) used polytomography to 
determine the prescription of NaF and to evaluate the results. In 1966, 
Shambaugh (181, by tomography of the otic capsule, studied 46 patients before 
and after fluoride treatment. In 1969, Valvassori (19), in the same way, ex- 
mined 157 patients before and after NaF therapy which lasted 6 months to 
2 years. Shambaugh obtained 30% improvement in hearing and in 30% no fur- 
ther deterioration; Valvassori obtained 71% stabilization and 19% improvement 
after NaF therapy (18,191. 

Skeletal X-Ray surveys have been made before and after NaF therapy to 
detect any increased bone density from various doses of fluoride. None of the 
cases has shown radiographic changes of fluorosis, and no generalized skeletal 
effects have been seen corresponding to  cochlear capsule changes. 

Vl Methods Using Labelling Products 

In 1973, Strontium 85 was used by Fred Linthicum and Howard House (20) 
to determine the process of calcium deposition in the footplate of patients 
with bilateral stapedial otosclerosis before and after NaF administration. The 
results were compared with calcium deposition in normal canal wall bone. 
They observed a clear reduction of radio-ectivlty after 6 months administration 
of NaF. They assert that NaF converts the active otosponglotlc phase into 
and inactive sotosclerotic one, which confirms our work. 

VII Clinical Methods 

1. Cause  e t  a1 (21-27) made a computerized study based on a ten year 
period, from 1969 through 1979, on 12,278 cases, allowing a 5 year or 
more perspective and an easy evaluation of the situation at  any moment 
thanks to  punctual checkings made on the occasion of recent audiometric 
controls (Figure 3). 

The percentage of NaF action is about 80% stabilization results in 
non-corrected percentages, but these results must be corrected in relation 
with the 25% spontaneously non-progressive cases. It is obvious that NaF, 
being an enzymogenesis inhibitor, can only act as a stabilizing factor. 
Therefore “favorable result” means the arrest of cochlear deterioration 
in cases with a progression of the cochlear component in stapedial oto- 
sclerosis and in cases of pure cochlear otospongiosis. 

The corrected results in relation to the control groups and to  the 
25% spontaneously non-progressive cases, give 73% favorable results for 
medical cases, and 67% for surgical cases. 

2 In children with pure cochlear otospongiosis, results are sometimes sur- 
prising, as can be seen from the various audiograms made on an 11 year 
old child first in 1974, and regularly examined to date. Currently the 
patient is 23 years old, fully active without hearing aid. Children are the 
only cases in which such obvious improvement of a sensorineural hearing 
loss can be observed; it is always irreversible in adults (28-30) (Figure 4). 

Fluoride 
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3. A clinical double-blind placebo-controlled study on the  effect of NaF 
on otosDonniotic Datients has been carried out by Paul Bretlau et al., in . -  
Copenhagen (31): These clinical and audiometric investigations on 95 
selected patients with progressive cochlear otospongiosis have shown that  
the deterioration of hearing is less severe in the  group t reated with 40 
mg NaF than in the placebo-controlled group. 

Conclusion 

These findings support our concept that  NaF is an effect ive therapy acting 
on cochlear deterioration in the  otospongiotic-otosclerotic disease. 
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VARIATIONS OF F- IN RELATION TO 
OTHER IONS IN DRINKING WATER 

by 

T. Yasui*, S Nakao, S Tanaka and M. Miyamoto 
Sai tama, Japan 

SUMMARY: Ion chromatography was used to measure the  
variation of some inorganic ions in t h e  drinking water  Fhich 
contained different concentgations of fluoride. As t h e  F ion 
concentration increased, Na ion+ concentration also increased, 
whereas the  concentration of K , Ca*+ and M'+ ions tended 
to decrease. The relationship of F- ion concentration to 
that  of such other ions as C1 and SO.*- is not clear. 

KEY WORDS Ion chromatogap_hy; F-, Na+, K+, Ca**, Mg*+, Cl-, SO4'- ions; 

Introduction 

Relationship of F ions to other  ions in drinking water. 

Excessive fluoride in drinking water  causes chronic toxicity such as mottled 
teeth. Few reports on the concentrations of fluoride and the  other  inorganic 
ions in drinking water, determined by ion chromatography, have appeared in 
the literature. Because the  ion chromatographic analyzer is able to analyze 
inorganic ions with the same valence simultaneously, i t  is possible to measure 
rapidly various inorganic ions under the same conditions. 

y e r e  the  concentrations of some inorganic ions, in relation to t h e  variation 
of F ions in drinking water, were analyzed by ion chromatography and t h e  
results a re  discussed. 

Materials and Methods 

64 samples of drinking water  were obtained from wells in Sai tama and 
taps used daily by residents. They were collected in plastic bottles a f t e r  
washing with the  same watsr  and stored in a cool box as soon as possible. 
Since the concentration of F ions ranged from 0.05 ug/mL to 7.40 ug/mL, 
these samples were divided into three groups (Group A, B and C) in order 
to make a comparison of ion levels easy. 

F- levels of samples in group A, B and C ranged from 0.05 ug/mL to 0.02 
ug/mL, from 0.53 ug/mL t o  c.78 ug/mL and from 7.20 ug/mL t o  7.40 ug/mL 
respectively. The range of F levels and sample number are shown in Table 
1. For analysis, the  Ion chromatographic analyzer IC 500 (Yokogawa Hokushin 
Electric, Japan) was used. Analytical conditions for anion and cations are 
shown in Tables 2 and 3. 

Josai Dental University, Sakado, Saitama 350-02 Japan 
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Table 1 
Range of F- Ions and 
Number of Samples 

Range Number of 
( u  g/mL) Samples Group 

A 7.20-7.40 2 
B 0.53-0.78 8 
C 0.05-0.20 54 

Table 2 

Chromatographic Conditions 
for Anion 

Eluent 

Flow Rate  2 mL/min 
Sample Volume loo u L  

0.004M NaHCOJ0.004M NazCOJ 

Precolumn 
Separator Column 

4.6 0 x 50 mm 
4.6 0 x 250 mm 

Table 3 
Chromatographic Conditions 

for Cations 

Eluent Valence (+I 0.005M HNOJ 
(++) 0.002M EDA/ 

0.004M Tartaric Acid 
Flow Rate  2 mL/min 
Sample Volume 100 D L  
Precolumn 4.6 0 x 50 mm 
Separator Column 4.6 0 x 250 mm 

Results 

The results of_ analysis of the  con- 
centrations of F ions and the  other  
cations in groups A, B and C a r e  
shown in Table 4, Figures 1 a_nd 2 
respectively. Concentration of F ions 
in group A averag5d 7.30 vg/mL. 
Concentrations of Na ions and SO,'- 
ions were also high but only t races  
of K+ and MgZ+ ions were found. 

Figure 1 
Comparison of Concentration of F- 
Ions in Drinking Water 

F- 

A B C 

Table 4 
Average Concentrations of Some Inorganic Ions 

According to t h e  Variations of F Ions 

A 7.30 118 t r a c e  3.0 t r a c e  24.8 116 
B 0.60 50.1 1.7 12.9 3.2 20.8 8.2 
C 0.13 19.8 3.7 22.6 6.4 31.6 27.4 

Fluoride 
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Figure 2 

Comparison of Concentrations of Some Inorganic Ions in Different F- Levels. 

Na' 

100 

0 
A B C 

ca'+ 

20 

0 
A B C 

A B C 

0 5M t r a c e  

A B C 

(u g/mL) 

so.'- 

20 

0 

A B C 
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In group B, concentrations of F- 
ions averaged 0.60 ug/mL. Na+ ion 
concentration decreased to half of 
that  of group A; SO<- ions also 
decreased markedly. K and Mg'+ 
ions were detectable; the  concentra- 
tion of Ca2+ ions increased to four 
times that  in group A. For c h r o m a t e  
gram of group B see Figure 3. 

The concentration of F- ions i? 
group C averaged 0.13 ug/mL. 
ion concentration decreased more 
than that  of groups A or  B. The 
SO,'- concentration was higher than 
that  of group B, and about one fourth 
of that  of group A. K+ and Mg2+ 
ion concentration increased to approx- 
imately double that  oJ group B. The 
concentration of Ca' ions also in- 
creased more than in subjects of 
groups A or  B; the  average concen- 
tration of Ca2+ ions was about seven 
times that  of group A. 

Na 

C1- ions did not differ appreciably 
between the three groups. 

The correlation between th_e in- 
crease in concentration of F and 
Na+ ions (r = 0.78, p 0.001) was 
highly positive (Figure 4); SO,'- ions 

Figure 3 

Chromatograph of Anions in Group B 

F- 

CI- SO,'- 

L 
were also positively correlated (r 
= 0.60, p < 0.001). On the  o ther  
hand, the  concentration of Ca'+, Mg?' and K+ ions showed a tendency to 
decrease according to the increase in F ions. As shown in Figure 5, a ne at ive 
correlation with s ta t is t ical  significance occurred between F and Ca2' ions 
( r  = -0.45, p 0.001). 

Discussion 

The electrode method has been commonly used for analysis of F- ions. 
However, ion chromatographic analysis developed by Small e t  al. (1)  detec ts  
various ions easily and smoothly- without any interference of matrix. In this 
study the  relationship between F ions and the other  jnorganic ions in drinking 
water  which contained +various concentrations of F ions was analyt-ed by 
ion chromatography. Na ions. 
The relationship between Na ions was known (2); this study con- 
firmed in group C the high po_sitive coyrelation. However it was difficult t o  
find any relationship between F and C1 ions (r = -0.03). On the  other hand, 
concentrations of :a2+, Mg'+ and K+ ions decreased with the  increase of F- 
ions. Traces of K ions, especially, a r e  found in drinking water  high in F- 
ions. 

ion? ,increased according to the  increase of F 
ions and CI 

F1 uor i de  
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Na+ 
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Figure 4 

Correlation Between t h e  Concentration of F- and N a +  Ions 

No clear  increase in SO,'- ion concentration along with the  increase of 
F- ions was found. Howeyer, the Occurrence of 116 ug/L of SO4'- ions in 
drinking water  high in F iosn almost coincided with the da ta  of Liu (3). 

Conclusion 

These findings show that  the concentration of some inorganic -ions affect  
that of others. Therefore, when measuring the concentration of F ions, con- 
centrations of other  inorganic ions should be investigated simultaneously. Ion 
chromatographic analysis is recommended for investigating drinking water. 
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Figure 5 

Correlation Between Concentration of F- and Ca2+ ions 
ca2+ (ug/mL) 
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CHANGES IN THE COLLAGEN STRUCTURE OF BONE TISSUE 
IN EXPERIMENTAL FLUOROSIS 

by 

M. Bbly*, T. Pint&, NBra SBndorfi, I. Ratkd 
Budapest, Hungary 

SUMMARY: The changes in the regularity of collagen struc- 
ture of t h e  corticalis and spongiosa of rat femur and verte- 
brae, caused by daily intraperitoneal administration of 0.5 
mg and 5 mg sodium fluoride, were investigated. Daily 
administration of 0.5 mg NaF for three months produced a 
slight, but significant change in the regularity of collagen 
fibrils; 5 mg NaF/day, a significant decrease in t h e  regularity 
and disintegration of collagen fibrils. Alteration in  t he  
regularity of collagen fibrils is a part of complex disturbances 
of the fluorotic bone, explained by the  toxic effect of 
fluoride. 

KEY WORDS: Experimental fluorosis; Collagen structure; Disorientation of pre- 
existing bone. 

Introduction 

According to experience with humans, about 10% of the entire preexisting 
bone tissue is reorganized in the course of one year. This perpetual process 
of rebuilding and remodeling bone tissue is due to t h e  action of multi-cellular 
functional units (BMU, BRU or BSU), consisting of osteoclasts and osteoblasts. 
It is generally accepted that sodium fluoride causes enlargement of t h e  whole 
bone mass. 

The question arises how NaF influences bone tissue, whether enlargement 
of bone mass is due  to increased bone formation (stimulation of osteoblasts) 
(1-7) and/or to decreased bone absorption (blockade of osteoclasts) (5,8-14). 
Authors agree that newly-formed is inferior to normal bone, t h e  matrix is 
irregular ( l , 7 , l  I ,  15), the collagen structure of newly-formed bone tissue differs 
from normal ( I  I ) ,  and that mineralization is enhanced (1,3,5,7,11,12). 

The aim of our experiments was to investigate the changes of collagen 
structure in  experimental fluorosis. 

Material and Methods 

Forty-five female rats, each weighing 200 grams, were divided into three 
groups; 15 animals were given 0.5 mg, 15 received 5.0 mg NaF intraperitoneal- 
ly, daily, for three months; 15 animals - t he  control group - received physio- 
logical saline solution i n  the same way. 

X ray pictures were taken of the sacrificed animals (Figures la,lb,lc). 

* University National Institute of Rheumatology, 114 P.O.B. 54, 1525 
Budapest, Hungary. 
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Table 1 

Retardation of Collagen Fibrils in the Corticalis and Spongiosa 
of Femurs and Vertebrae 

FEMUR VERTEBRA 

CORTICALIS SPONGIOSA CORTICALIS SPONGIOSA 

Control 0.7003 t0.0240 0.6700 t0.0304 0.6901 t0.0261 0.6070 t0.0393 

0.5 mg NaF 0,6070 t0.0281 0.5754 t0.0531 0.6153 t0.0298 0.5950 t0.0230 

5 mQ NaF 0.4390 t0.0408 0.4204 t0.0444 0.4212 t0.0328 0.4275 t0.0305 

Control Z 0.6910 t0.0332; 0.5 mg NaF Z 0.5991 t0.0376; 5 mg NaF C 0.4275 t0.0385 

The regularity of collagen fibrils in the corticalis and spongiosa of femurs 
and vertebrae decreased compared to normal (Figure 2a) in rats which received 
0.5 mg NaF daily. The observed difference is significant (Figure 2b). On rats 
which received 5 mg NaF daily, for three months, the regularity of collagen 
fibrils decreased significantly compared t o  normal in the corticalis and spongiosa 
on both femur and vertebrae (Figure 2c). 

Figures 2a, 2b, 2c. 

Histologic picture of t h e  diaphysis of femur of a control (a) rat treated daily 
wi th  0.5 mg NaF (b), and 5.0 mg NaF (c). 
2a: Well  differentiated, lamellar bone. 
2b: 

2c: 

E f f e c t  of 0.5 mg NaF collagen structure of preexisting bone tissue slightly 
disoriented, disintegrated. 
Significantly disoriented, disintegrated; effect of 5.0 mg NaF. 

The intercellular matrix of bone tissue consists of a collagen structure, 
embedded in proteoglycan aggregates. The process of formation and mineraliza- 
tion of the intercellular matrix are closely related. Isolated injury of any of 
these components is inconceivable: injury to one of the components is always 
associated with injury to t h e  others. During the recent investigation irregularity 
of collagen structure of preexisting bone tissue could be disclosed by a specific 
topooptic method. 
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Conclusion 

The investigations disclosed that fluoride causes the regularity of the  
collagen s t ructure  of preexisting, differentiated, lamellar bone to  decrease; 
fluoride exerts  its effect  not only on the newly generated (newly formed 
woven) bone tissue, but it also changes the collagen s t ructure  of preexisting 
bone. In our opinion these changes can be considered part of the toxic e f fec t  
of fluoride exerted on osteocytes. Changes i n  collagen s t ructure  are  followed 
by damage to  the matrix (proteoglycan aggregate). W e  a re  planning i n  future 
to direct our attention to  this field of investigation. 
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ULTRASTRUCTURAL FINDINGS IN LIVER, KIDNEYS, THYROID GLAND 
AND CARDIAC MUSCLE OF RABBITS FOLLOWING 

SODIUM FLUORIDE ADMINISTRATION 

by 

Zhan Chongwan* and Huo Daijei 
Guizhou, China 

SUMMARY: After  seven months administration of 10 mg or 
50 mg sodium fluoride/day/kg body weight to albino rabbits, 
their liver, kidneys, thyroid glands and cardiac muscles were 
studied under transmission electron microscope. Swelling of 
mitochondria, enlargement of SER cisterns and decrease of 
RNA granules and RER in these organs were the  primary 
findings. Fluorosis might primarily be an organelle disease 
which leads t o  a series of biochemical, pathological and 
clinical abnormalities. 

KEY WORDS Cardiac muscle; Decrease of RNA granules and RER; Enlarge- 
ment of SER cisterns; Fluoride intoxication; Kidneys; Liver; 
Organelle disease; Thyroid gland; Swelling of mitrochondria. 

Introduction 

The introduction of the electron microscope in medicine has complemented 
Virchow's "cell pathology" with the new ideas of "organelle pathology." In 
recent years, reports on structural changes of fluorosis in experimental animals 
have steadily increased. The present communication presents a comparative 
study of morphological changes associated with fluoride ingestion. This study 
has stressed changes of organelles detected in several organs, and has en- 
lightened us on the mechanism of fluorosis. 

Materials and Methods 

Thirty albino rabbits, ranging in weight from 1 to 1.5 kg were segregated 
into three groups, with 10 in each. They were fed for seven months under 
similar conditions. The control group received no sodium fluoride, the remaining 
groups were fed 50 mg and 10 mg sodium fluoride/day/kg of body weight 
respectively. After  being sacrificed, tissue samples obtained from the liver, 
kidneys, thyroid gland and cardiac muscle were immediately fixed in 2.5% 
glutaraldehyde and refrigerated. The samples were prepared for transmission 
electron microscopy following routine measures, and ultra-thin sections of 
400-600 ,&ngstrb;m thickness were examined under a Hitachi 100CX2 transmis- 
sion electron microscope which operated a t  80 kilovolts. 

Results 

Upon gross and radiological examinations, bones of the fluoride-fed rabbits 
compared with the controls, demonstrated prominent cortical thickening, hyper- 
ostosis and increased bone density, signifying the presence of skeletal fluorosis. 

Department of Histology and Embryology, Guiyang Medical College, 
Guizhou, People's Republic of China 
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Liver: Hepatocytes of controls were polygonal in shape, mononucleate or bi- 
nucleate. Microvilli were noted on the  side facing sinusoids. Tight junctions 
and desmosomes were present between neighboring hepatocytes. Minute bile 
canaliculi were formed by inward folding of neighboring liver cell membranes 
Mitochondria were abundant, polymorphic, with their cr is tae  oriented trans- 
versely. Matric granules were numerous and demonstrated high electron density. 
Golgi complexes, which were situated around t h e  nucleus, endoplastic reticula, 
glycogen granules and lipid droplets were all discernible. 

In fluoride-fed animals, the  most prominent change was that  numerous 
mitochondria were swollen and enlarged. Mitochondria] matrix was of low 
electron density and appeared transparent. Many mitochondrial cr is tae  were 
broken, with their  membrane ruptured or disintegrated (Figure 1). In some 
areas, the  outer  and inner mitochondrial membranes were damaged and 
appeared to be continuous with neighboring RER (Figure 2). Myelin-like inclu- 
sions and remnants or  membranous structures were occasionally noted in the  
cytoplasm. RNA granules and RER were reduced in number. Cisterns of SER 
were enlarged (Figure 3). Lipid droplets were scant. 

Kidneys: In t h e  controls, the  glomerular basement membrane, podocytes and 
glomerular capillary loops were discernible. Epithelial cells of proximal con- 

Figure 1 

Experimental group: mitochondria in  
hepatocytes swollen, cristae disinte- 
grated, and transparent mitochrondrial 
matrix. x1oooO. 

Figure 2 

Experimental group: mitochondrial 
membranes in a hepatocyte partially 
disintegrated, remaining mitochondrial 
membranes Seem to continue with 
neighboring RER. ~29000 
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Figure 3 
Experimental group: in a hepatocyte, 
RER, reduced and cisterns of SER 
enlarged. xloo00 

Figure 4 

Control group: in  an epithelial cell 
of proximal convoluted tubule, mito- 
chondrial cristae extended almost 
across t h e  whole mitochondria1 dia- 
meter. x5800 

voluted tubules, which were characterized by their microvilli or brush border 
at the  luminal surface, were rectangular or conical in shape. Mitochondria 
in the  epithelial cells were mostly located a t  the  basal portion close t o  the 
basement membrane with their abundant cristae extending nearly across the 
whole mitochondrial diameter  (Figure 4). In these cells, RER were not reduced. 
Epithelial cells of distal convoluted tubules were cylindrical or rectangular 
in shape and contained lesser microvilli and mitochondria compared with those 
of proximal convoluted tubules. 

In fluoride-fed animals, mitochondria in podocytes were scant and swollen. 
The contour of proximal convoluted tubules was intact  with their numerous 
microvilli discernible. Swelling of mitochondria in these cells was prominent. 
Many mitochondrial cr is tae  were disintegrated. Mitochondria1 matrix was trans- 
parent and of low electron density. Thickening of basement membrane and 
reduction of RER were noted in these cells (Figure 5). In epithelial cells 
of distal convoluted tubules, swelling of mitochondria was not so prominent 
compared with proximal convoluted tubules. 

Thyroid gland: In the  controls, follicular epithelial cells were rectangular 
in shape with multiple microvilli at the  follicular surface. They had round 
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Figure 5 
Experimental group: in epithelial cells 
of proximal convoluted tubules, mito- 
chondria, prominently swollen, take 
a spherical shape, with transparent 
matrix and disintegrated cristae. 
Basement membrane of cell thick- 
ened. ~ 5 8 0 0  

Figure 6 

Experimental group: follicular epi- 
thelial cells in thyroid gland rectang- 
ular in shape, mitochondria swollen, 
their cristae disintegrated. Cisterns 
of SER enlarged. x2900 

nuclei and cytoplasm containing Golgi complexes, RNA granules, RER and 
abundant mitochondria. Tight junctions and desmosomes were discernible. Large 
quantities of phago-lysosomes-like blebs were noted just beneath the  apical 
plasma membrane. Parafollicular C cells were of irregular shape with their 
cytoplasm containing many organelles, i.e., RNA particles and RER which 
were of moderate quantity, mitochondria which were of relatively small size, 
Golgi complexes and others. 

In fluoride-fed animals, the most prominent change was swelling of mito- 
chondria in follicular epithelial cells. Mitochondria1 cr is tae  were partly disinte- 
grated. Cisterns of SER were enlarged and lysosomes were increased in number 
(Figures 6,7). In parafollicular C cells, swelling in mitochondria was not 
prominent. 

Myocardium: In the  controls, cardiac muscles were slim and elongated, mono- 
nucleate, with myofibrils bearing cross striations of dark and light bands, 
and were connected end t o  end by intercalated discs composed of desmosomes 
and tight junctions. Mitochondria were discernible in the sarcoplasm close 
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Figure 7 

Experimental group: Swelling of mito- 
chondria in thyroid gland, their  
cr is tae  disintegrated, enlargement 
of SER cis terns  in follicular epithelial 
cells. x5800 

Figure 8 

Control group: normal mitochondria 
w i t h  long and closely packed cr is tae  
in cardiac muscle cells. ~ 1 4 0 0 0  

to the nuclei, having long and closely packed cr is tae  (Figure 8). Glycogen 
granules and lipid droplets were noted around mitochondria. 

In fluoride-fed animals, organelles were essentially normal even in the 
higher dosage group. No prominent changes were noted in mitochondria except 
that  disintegration and formation of lamellated myelin-like figures were found 
occasionally (Figures 9,101. 

Discussion 

The primary function of mitochondria is to provide readily available energy 
for living activity needs. This process is coupled to oxidation of nutrient 
substrates and is  catalyzed by a series of enzymes located in t h e  mitochondria. 
The morphology of mitochondria alters in accordance with change in metabolic 
state and with pathological processes. Swelling and disintegration of mitochon- 
dria (as noted by the  authors in various organs of fluoride-fed animals) indicate 
structural changes of inner mitochondria1 membrane, which in turn lead t o  
a loss of ATP-synthesizing ability, supression of ATP-production, and a failure 
of ATP-dependent functions - for example, functioning of t h e  sodium pump 
at t h e  plasma membrane. Enlargement of mitochondria in fluoride-fed animals 
is believed t o  be a compensatory process due to  ATP deficiency. Myelin-like 
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Figure 9 
Experimental group: no significant 
changes in mitochondria of cardiac 
m u s c l e  cells. ~29000 

Figure 10 

Experimental group: a myelin-like 
figure located at one side of a mito- 
chondrion of a cardiac muscle cell. 
x29000. 

figures indicate degeneration and disintegration of mitochondria. Enlargement 
of SER cisterns in these animals signifies intensification of t h e  detoxication 
process. Reduction in t h e  number of RER and RNA granules is  suggestive 
of supression of  protein synthesis, whereas an increase in number of lipid 
droplets indicates disturbances of fa t  metabolism. 

Fluoride-induced damage to liver cells has been reported by Lavrushenko 
e t  a1 (1). These authors found swelling and fragmentation of mitochondria, 
breakdown of mitochondria1 membranes, and degranulation suggestive of supres- 
sion of protein synthesis. The present communication substantiates these 
authors’ observations. 

Concerning t h e  morphological changes in kidneys in fluorotic animals, 
Kour et a1 (2) reported light microscopic findings, including atrophy of 
glomeruli, edema and necrosis of tubular cells, nuclear degeneration and 
pyknosis, as well as complete disintegration of renal tissue. The changes noted 
in the present study a r e  not as severe. Under light microscopy, t h e  only finding 
in our animals was thickening of tubular basement membrane. Although we 
did find a series of changes in podocytes and epithelial cells of proximal 
convoluted tubules under electron microscope, no significant changes in 
epithelial cells of distal convoluted tubules were found. These facts suggest 
that ,  in fluoride intoxication, epithelial cells of proximal convoluted tubules 
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are selectively damaged because they function differently from distal con- 
voluted tubules. 

In 1971, Sundstrom (3) reported swelling of endoplasmic reticula in para- 
follicular C cells in  thyroid gland of fluorotic rats. In our animals, swelling 
of mitochondria wi th  disintegration of their cristae in epithelial follicular 
cells indicated disturbance of oxidative phosphorylation. However, we found 
no significant changes in parafollicular C cells. Cardiac muscle cells also 
showed no significant changes. 

In the presence of toxic levels of fluoride in the blood stream, many 
organelles, especially mitochrondia, were damaged. Morphological changes 
developed to various ex ten t  in some organs and organelles, indicative of other 
factors which play a role in the  development of morphological changes. These 
morphological changes will inevitably lead to a series of biochemical, patho- 
logical and clinical abnormalities, such as supression of enzymes namely acid 
and alkaline phosphatase (4), and others. 

Conclusion 

The present study suggests that fluoride intoxication is primarily an 
organelle disease. 
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ENDEMIC SKELETAL FLUOROSIS 
CLINICAL AND RADIOLOGICAL VARIANTS 
(Review of 25 Years of Personal Research) 

by 

S.P.S. Teotia* and M. Teotia 
Meerut, India 

Our continuing studies over the past 25 years have shown that endemic 
skeletal fluorosis can be present in  various clinical and radiological forms 
(1-22). The purpose of this communication is to emphasize the clinician's 
responsibility, when treating patients with bone and joint disorders, to consider 
the diagnosis of skeletal fluorosis, particularly when the patient's symptoms 
are unusual (2,6,19). 

All the 5,600 patients in  our s tudy  had been living in  endemic fluorosis 
areas since birth; they had consumed water with a natural fluoride content 
of 1.5-25 ppm. Nutritional status and dietary intakes were assessed i n  each 
patient. The diagnosis of skeletal fluorosis was confirmed by radiological 
generalized osteosclerosis, periosteal bone formation and calcification of inter- 
osseous membranes (6,9,17), and the finding of high concentrations of fluoride 
i n  drinking water, plasma and urine. Raised levels of plasma alkaline 
phosphatase and parathyroid hormone supported the diagnosis of associated 
rickets, osteomalacia and secondary hyperparathyroidism (1,3-5,7,10,17). 

Histopathology and histomorphometry of iliac crest bone biopsy and 
analysis of bone ash for fluoride content were performed only when diagnosis 
was uncertain. All such tests were performed using methods previously reported 
(4,5,19). 

Clinical and radiological variants of endemic skeletal fluorosis are 
summarized in Tables 1 and 2 and Figures 1-4. 

Classical clinical features characteristic of skeletal fluorosis include 
arthralgia, backpain, stiffness, rigidity, limitation of movements and inability 
to close t h e  fists. Patients are often mistakenly diagnosed as rheumatism, 
cervical spondylitis, osteoarthritis, renal osteodystrophy, renal hyperparathy- 
roidism, osteopetrosis and metabolic bone disease (rickets, osteomalacia, osteo- 
porosis, hyperparathyroidism). 

Recently we also identified an endemic disorder of bone disease and 
deformities consistent with multiple epiphyseal dysplasia which, due to the 
clinical similarity, is often mistakenly diagnosed as skeletal fluorosis. The 
majority of these individuals showed autosomal dominant inheritance, were 
short in stature, had limping gait, pain in hips and knees, constricted hip 
flexion, lumbar lordosis, genu valgum, genu varum and leg rotation. Though 
clinical and radiological signs were very heterogeneous, most of these cases 
could be grouped into (a) spondylo-epiphyseal dysplasia (with platyspondyly) and 
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Table 1 

Clinical Variants of Endemic Skeletal Fluorosis 
- 

A. 

8. 

A. 

1. 

1.1 

1.2 

1.3 

1.4 

1.5 

Adults 

Asymptomatic (Radiological skel- 
etal fluorosis) 
Symptomatic 

Vague pains, aches, arth- 
ralgia 
+Backpain, pain in cervical 
spine, stiffness, rigidity, 
constipation. 
+Limitation of movements 
a t  joints, inability to  close 
fists. 
+Diff iculty in walking, gen- 
eralized attitude of flexion, 
ankylosis at  spine, hips, 
knees and elbows. 
+Inability t o  walk, extreme 
f ix i ty of chest and spine, 
crippled. 
+Rarely neurological compli- 
cations (radicular pains, 
weakness and wasting of 
muscles, acroparest hesi ae), 
cord compression (paraple- 
gia, quadriplegia). 

Children 

8. 

1. Congenital, fetal or neo- 
natal (caused by transpla- 
cental transport of fluoride 
during pregnancy in women 
residing in endemic areas). 

2. Acquired (due to  chronic 
ingestion of fluoride in 
drinking water). 

Symptomatic 
1. Vague pains and aches, 

arthralgia 
1.1 +Stiffness and inability t o  

close fists. 
1.2 +Rigidity and flexion a t  

cervical and lumbar spine. 
1.3 +Deformities - Coxa vara, 

genu varum, genu valgum, 
bowing of legs, wind-shift 
deformity, chest deformity 
(more particularly observed 
in children with dietary 
calcium deficiency). 

1.4 +Flexion (ankylosis) at  
spine, hips, knees and 
el bows. 

1.5 Crippling wi th generalized 
forward flexion, ankylosis 

Asymptomatic (Radiological skel- of joints, f ix i ty of chest 
eta1 fluorosis) and spine. 

Table 2 

Radiological Variants o f  Skeletal Fluorosis 

1. 
1.1 

1.2 

1.3 

1.4 

Adu I ts 

Generalized osteosclerosis 
+Perlosteal bone formation 
most commonly seen at  elbows, 
dense and thick cortex, dimin- 
ished medullary cavity. 
+Calcification of interosseous 
membrane and ligaments. 
+Csteophytosis, exostoses, cal- 
cifications of tendons, capsules 
and muscular attachments. 
+kletabolic bone disease (osteo- 
malacia, osteoporosis and sec- 
ondary hyperparathyroidism). 

Children 

1. Generalized osteosclerosis 
1.2 +Osteoporosis, periosteal bone 

formation and coarse trabecula- 
tions most commonly observed 
at  elbows and knees, calcifica- 
tion of ligaments. 

1.3 +Metabolic bone disease (rick- 
ets, osteoporosis and secondary 
hyperparathyroidism). 

1.4 +Calcification of interosseous 
membrane (rarely seen under 
15 years of age). 
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Figure 1 

Clinical picture of 18 year old 
patient of endemic skeletal fluorosis 
showing generalized at t i tude of 
flexion with ankylosis at cervical 
spine, hips, knees and elbow. 

Figure 2 

Photograph showing genu valgum 
with external rotation and bending 
of bones of legs in a 25 year old 
Datient of endemic skeletal fluorosis. 

(b) multiple epiphyseal dysplasia (with minimal or no spinal involvement). We 
have named this rare  disorder of bone development as  Handigodu syndrome 
of multiple epiphyseal dysplasia and i ts  variants because Handigodu is the name 
of the village where this disease was first observed. 

Fluoride toxicity afflicts children more severely and af te r  a shorter 
exposure to fluoride than adults, due t o  the greater  and faster accumulation 
of fluoride in the metabolically more active growing bones of children (15). 
Typical clinical features of skeletal fluorosis in children include vague pains 
and aches, arthralgia and stiffness a t  the cervical and lumbar spine and in- 
ability to close their fists. Children with inadequate intake of dietary calcium 
and vitamin D foten show additional unusual features of the  disease (Table 1). 
Calcification of interosseous membranes in children is rare, usually occurring 
only af ter  15 years of continuous exposure. 

Skeletal fluorosis was observed in the newborn whose mothers resided in 
areas where drinking water  fluoride intake reached 20-50 mg/day. Such 
congenital fluorosis results from maternal fluoride transport across the  placenta 
(11,121. 
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Figure 3 

Radiograph of the hand show- 
ing osteosclerosis, modelling 
defects in the metacarpals 
and phalanges and resorption 
of the cancellous bone with 
thinning of the cortices in 
a five month old child of 
endemic skeletal fluorosis. 

Figure 4 

Radiograph of pelvis of 35 
year old female showing 
osteosclerosis, deformed pelvic 
cavity and trabeculations sug- 
gestive of osteomalacia and 
hyperparathyroidism secondary 
to fluorosis. 
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Dental fluorosis occurs in children who are exposed to high fluoride intake 
before completion of dental mineralization. The incidence and severity of 
dental fluorosis and caries increased in  children who had been drinking water 
the  fluoride content of which is more than 1 ppm. Typical radiological findings 
of dental sclerosis and condensation of alveolar bone around the roots of the 
teeth were seen only in children with adequate nutrition. Resorption of alveolar 
bone and loss of lamina dura were more severe and frequent in children with 
endemic skeletal fluorosis having dietary calcium deficiency. 

Various factors influencing the  course and severity of skeletal fluorosis 
include the following: (1)  drinking water fluoride concentration, (2) total daily 
fluoride intake, (3) duration of fluoride ingestion, (4) fluctuations in  fluoride 
intake, (5) solubility of ingested fluoride, (6) age at  the time of fluoride 
ingestion, (7) nutritional status, (8 )  individual biological response, (9) species 
effect, (10) stress factors, (11 )  complexes with other mineral and trace 
elements, (12) climatic factors, (13) alkalinity and hardness of drinking water, 
(14) pH of gastrointestinal tract and, (15) renal function. The most important 
factors, however, were drinking water fluoride concentration, total daily 
fluoride intake, duration of exposure to fluoride and dietary intake of calcium 
and vitamin D. The interaction of fluoride and parathyroid hormone i n  calcium 
deficient children was a major factor in the production of genu valgum and 
varum deformities in  this age group. 

Conclusion 

Endemic skeletal fluorosis is a syndrome of bone disease and deformities 
caused by chronic ingestion of fluoride through drinking water. Neonatal 
skeletal fluorosis as well as clinical and radiological variants of skeletal 
fluorosis must be carefully differentiated from other bone and joint disorders. 
Interaction of fluoride with calcium, trace elements and parathyroid hormone 
is relevant in the  causation of fluorosis variants. Diagnosis of skeletal fluorosis 
is based on t h e  radiographic findings of osteosclerosis, periosteal bone 
formation and interosseous membrane calcification, and increased levels of 
fluoride in  water, plasma, urine and bone. Raised plasma alkaline phosphatase 
and parathormone levels support the diagnosis of associated metabolic disease 
and hyperparathyroidism secondary to fluorosis. Bone histomorphornetrp is not 
diagnostic. 

Our continuing identification of new endemic areas in India suggests that 
the total population that may need protection against fluorosis may be around 
10 million. Emerging evidence of new clinical and radiological syndromes of 
fluorosis requires greater attention and clinical acumen to distinguish these 
conditions from other known disorders of bone and mineral metabolism. The 
purpose of this communication will have been accomplished when clinicians 
consider and evaluate the possibility of skeletal fluorosis in every patient with 
bone and joint disease, particularly in  countries with high fluoride in the 
drinking water. 
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PARATHYROID GLANDS, CALCIUM AND VITAMIN D 
IN EY.PERIMENTAL FLUOROSIS IN PIGS 

L. Andersen, A. Richards, A.D. Care, H.M. Andersen, 
J. Kragstrup and 0. Fejerskov 

Aarhus, Denmark 

(Abstracted from Calcif. Tissue International, 38:222-226, 1986) 

Eight experimental pigs which received 2 mg F-/kg b.w. per day from 
age 8-14 months were compared with eight controls. Concentrations of plasma 
fluoride and total  plasma calcium were assessed a t  intervals throughout the  
experiment. At the same time, concentrations of immunoreactive parathyroid 
hormone were measured by a homologous labelled antibody for porcine hormone; 
a radioimmunoassay was used to assess concentrations of 1.25-DHCC and 
24.25-DHCC. Parathyroid tissue volumes were assessed at the end of t h e  exper- 
iment by quantitative histology using volumetry and point counting. Plasma 
fluoride increased from 0.0007 kO.0001 mmol/liter t o  0.0127 *0.002 mmol/liter 
in pigs receiving fluoride. Total plasma calcium remained the  same throughout 
the experiment. Volumes of parathyroid hormone 1.25-DHCC and 24.25-DHCC, 
were not significantly changed. 

Conclusion: Disturbance of calcium homeostasis is not an obligatory finding 
in dental and skeletal fluorosis. 

KEY WORDS Dental, skeletal, fluorosis; Parathyroid hormone; Pigs; Plasma 
Calcium; Plasma fluoride. 

REPRINTS Dept. of Oral Pathology, Royal Dental College, DK-8000 Aarhus 
C,  Denmark 
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THE HASTINGS FLUORIDATION EXPERIMENT: SCIENCE OR SWINDLE? 

by 

John Colquhoun and Robert Mann 
Auckland, New Zealand 

(Abstracted from The Ecologist 16:243-248, 1986) 

The Hastings fluoridation study in New Zealand, 1954-1970, is listed in 
textbooks throughout the world as an important study confirming the  effective- 
ness of water fluoridation. It is claimed that  "free smooth-surface car ies  was 
reduced by 87 percent . . . approximal caries by 73 percent . . . and occlusal 
surface caries by 39 percent . . .,'I the  greatest reductions being among 

*A Critical -H istor ical Reassessment of t h e  Hastings FI uor idat ion Exper i ment 
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6-year-olds: 74 percent by 1961 and 87 percent by 1964. However, most of 
these had occurred in the first few years of the project; 42 percent by 1957 
and 61 percent by 1959. Such spectactular reductions led to acceptance of 
widespread fluoridation in New Zealand. 

The Hastings-Napier investigation was first described as  an "experiment." 
The neighboring town of Napier was considered an ideal control because it 
used essentially the  same ground water  (unfluoridated: 0.15 ppm). However, 
in  !957, the  c i ty  of Napier was abandoned as a control. The project was sub- 
sequently called a "before-and-after demonstration;" 58% less decay had been 
recorded in Napier (unfluoridated) than in fluoridated Hastings. 

The 1982 New Zealand Official Information Act permitted public access 
t o  governrnent archives. Thereby a considerable amount of information not 
in agreement with the currently accepted published version of the  Hastings 
fluoridation study was revealed; namely, 1) the claimed reductions in decay, 
which were greatest for younger children, were brought about partly, if not 
mainly, by a local change in rliagnostic procedure following the introduction 
of fluoridation; 2) reductions over such short periods are, by today's s ta t is t ical  
standards, beyond the "limit of credibility" for genuine decay reductions; 3) 
a reduction in dental decay occurred in other, non-fluoridated places throughout 
New Zealand during the t ime of the study, making it difficult for public health 
officials to present convincing s ta t is t ics  showing that  the  claimed reductions 
were related to fluoridation. The reduction occurred in the  control town as 
elsewhere. 

The Hastings experiment had commenced in 1952. Pre-fluoridation dental  
examinations of Hastings children were not only not published but they had 
been destroyed in one of the  department's "periodical purges of records." 
The experiment was carried out by Dr. T.C. Ludwig who replaced Dr. R.E.T. 
Hewat, Dental Research Officer of the New Zealand Medical Research Council. 
Hewat had doubts whether the benefit claimed to result from this measure 
is ful ly  supported by scientific evidence. "In New Zealand," Dr. Hewat s ta ted,  
"we have found that  many factors a r e  interrelated with the  caries rate, and 
I am not aware that  any consideration has been given to such Influences 
in the published da ta  on caries and fluorine." 

Thus the reported reductions were, at least partly if not wholly, the  
result of factors other  than fluoridation. This fact, although known to those 
responsible for the study, was never mentioned in the  official and scientific 
reports of it. The study was, it  seems, more a public relations exercise than 
a scientific one. Nonetheless, it  is still being ci ted in dental scientific litera- 
ture, and in textbooks as  being the latter. 

KEY WORDS: Caries criteria, Fluoridation, Hastings experiment. 
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FLUORIDE. AL.TlTUDE AND DENTAL FLUOROSIS 

by 

F. Manji, V. Boelum, 0. Fejerskov 
Nairobi, Kenya 

(Abstracted from Caries Res. 20473-480, 1986) 

Children aged 11-15 years  from three low-fluoride zones (< 0.5 ppm in 
drinking water), s i tuated at sea level, 1,500 m and 2,400 m above sea level, 
and from two higher-fluoride zones (0.5-1.0 ppm in drinking water)  were ex- 
amined for dental fluorosis (see Table). In the  low-F zones, 36.4% of the  
children a t  sea level had dental fluorosis, compared to 78.0% at 1,500 m, 
and 100.0% at 2,400 m. In the  higher-F zones 71.2% had dental fluorosis a t  
sea levels compared t o  93.8% a t  1,500 m (p 0.001). The severity of dental 
fluorosis of each tooth type increased significantly with increase in altitude 
in both low and higher-fluoride zones (p < 0.001). 

This study indicates for  the  first t ime that  populations living a t  high 
altitudes may be more susceptible to dental fluorosis than those at low alti- 
tudes for a given concentration of fluoride in drinking water. In all five popula- 
tions, t h e  intra-oral distribution of dental fluorosis showed a similar pattern; 
the prevalence was lowest in incisors and first molars; highest in premolars 
and second molars. Pitting of enamel (TFI 2 5) in the low-F samples hardly 
occurred at sea  level, was more pronounced in the 1,500-meter sample, and 
marked at 2,400 m. In the  1,500-meter sample, pitting occurred most frequently 
In t h e  first molars and premolars; in the 2,400-meter sample these teeth as 
well as t h e  canines and upper incisors also exhibited a relatively high propor- 
tion with pitting. 

In the  lower-fluoride zones, t h e  prevalence and severity of dental fluorosis 
of each tooth type was significantly higher in the 2,400-meter area than in 
t h e  1,400-meter area, which in turn was significantly higher than in the sea 
level area (conditional chi square: p < 0.001). The proportion of teeth and 
t h e  proportion of individuals affected a t  each level was highest among the  
2,400-meter sample and lowest among the sea level sample. 

According to this study, temperature  and prevalence and severity of dental 
fluorosis are inversely related. Whereas temperature may have some influence, 
tha t  of altitude is much greater. 

Table 
Percent  of Dental Fluorosis Related to Level of F in  Water and Altitude 

Altitude 
F in  Water Sea Level 1500 Feet  2400 F e e t  

0.5 ppm 36.4% 78% 100% 

0.5-1.0 ppm 7 1.2% 93.8% 

At all F levels severity of dental fluorosis increased significantly with in- 
crease in altitude. 

Fluoride 
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In a n  experimental study on rats, Angmar-Mansson et al. concluded that 
chronlc hypobaric hypoxia can produce changes in incisor enamel mineralization 
that  resemble fluorosis even on diets with very low fluoride concentrations. 
The present study shows t h a t  differences In prevalence and severity a t  t h e  
same al t i tude are associated with fluoride concentrations in drinking waters, 
whereas at the  same t ime in areas with similar levels of fluoride concentra- 
tions, increases in altitude are associated with an Increase In the  prevalence 
and severity of enamel changes. In all five populations examined here  t h e  
in t raora l  distribution of enamel changes was similar to tha t  which has been 
reported for  dental fluorosis by Larsen et al. Disturbances of the  enamel 
must be considered to be fluoride-induced. The present evidence indicates 
that  a l t i tude causes phystological changes which a f fec t  the way in which 
fluoride is  handled by t h e  body. Consequently the toxic e f fec ts  of fluoride 
upon the enamel may be exacerba ted  

Further studies are in progress to elucfdate both t h e  relative contribution 
of different sources of fluoride and the  dietary patterns which may af fec t  
the bio-availability of fluoride from such sources. 

KEY WORDS: Altitude; Dental fluorosis; Epidemiology; Fluoride. 

REPRINTS: Oral Health Research Unit, Kenya Medical Research Institute, 
Medics1 Research Centre, Nalrobi, Kenya. 

THERAPY FOR OSTEOPOROSIS CHARACTERIZATION O F  THE SKELETAL 
RESPONSE BY SERIAL MEASUREMENTS O F  SERUM ALKALINE 

PHOSPHATASE ACTIVITY 

by 

Sally M.G. Farley, Jon E. Wergedal, Lynna C. Smith, Mark W. Lundy, 
John R. Farley and David J. Baylink 

Loma Linda, California, USA 

(Abstracted from Metabolism, 36:211-218, 1987) 

Serial measurements of serum alkaline phosphatase activity (SALP) in 53 
osteoporotics t reated with 66 t o  110 mg of sodium fluoride (NaF) for 12 t o  
91 months showed that SALP increased in 87% of the  subjects during therapy 
with fluoride. 

Since most osteoporotics show increased SALP in response to fluoride ther- 
apy, although the extent  of the  response is quite variable, measurements of 
alkaline phosphatase activity in serum may serve as a valuable tool for con- 
venient monitoring of skeletal response to fluoride. 

Thirteen of 53 ambulatory patients (23 males and 30 females) were t reated 
with fluoride only. SALP was significantly increased a f te r  one and two years 
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of fluoride therapy. Serum phosphorus was unchanged. A small, yet  statistically 
significant, decrease in serum calcium occurred a f te r  two years of treatment. 
The decrease in serum calcium was not related t o  the  increase in SALP (r 
= .08). 

The onset for symptomatic response t o  fluoride therapy in the  38 patients 
ranged from four to 85 months (mean i SD, 20 i 16 months). 

Large interpatient variations were observed in all aspects of the  SALP 
response to fluoride (namely, t ime to first significant increase, r a t e  of increase 
and peak increase in SALP) and similar interpatient variations in the onset 
of radiographic and symptomatic improvements. These variations in skeletal 
response to fluoride therapy could not b e  explained by differences in age, sex, 
osteoporosis etiology, fluoride dose or inclusion of other  dmgs. However, at 
least par t  of t h e  variable SALP response to fluoride was related to variation 
in pre-treatment SALP. 

Further studies will be necessary to identify the  source(s1 of the  variations 
in the  skeletal response in fluoride. In this regard, the  application of serial 
SALP measurements as an index of skeletal response to fluoride therapy may 
prove useful. 

If t h e  patient does not show an increase in SALP af te r  two years of 
therapy with an adequate blood level of fluoride, the patient is considered to 
be  a poor responder to fluoride therapy for osteoporosis. 

KEY WORDS Fluoride therapy; Osteoporosis treatment; Serum alkaline phos- 
phatase; Skeletal response to fluoride. 

REPRINTS Sally M.G. Farley, RN, Research Service (IS]), Jerry L. Pet t is  
Memorial Veterans Hospital, 11201 Benton St., Loma Linda, CA 
92357, USA. 
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TRENDS IN THE PREVALENCE OF DENTAL FLUOROSIS 
IN THE UNITED !XATES A REVIEW 

bY 

Susan M. Szpunar' and Brian A. Burt 
Ann Arbor, Michigan, USA 

(Abstracted from 1. of Public Health Dentistry 47:71-79, 1987) 

The purpose of this paper is  to determine whether an increase In dental 
fluorosis has  occurred since Dean's t ime among children residing primarily 
in areas where t h e  level of fluoride in water  is  around 1 ppm or less. Serious 
study of dental fluorosis, a hypoplasia of the  dental enamel caused by con- 
sumption of excess fluoride during t h e  years of tooth calcification, began 
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with McKay in the early part of the century: it was referred to, at  that 
time, as Colorado Brown Stain. 

Prior to 1940, water and food were probably the main sources of fluoride 
exposure for most individuals. Considering the multiple sources of fluoride 
now available, topical fluorides, dietary fluoride supplements, as well as 
fluoridated dentifrices and mouthrlnses, and the possible increase in environ- 
mental levels of fluoride, an increase In the prevalence of dental fluorosis 
should not be surprising. Oldak and Leverett reported that 22 percent of 
first and second made children livtng In a nonfluoridated area but less than 
1 percent had fluorosis in the primary teeth. Leverett found that the preva- 
lence of dental fluorosis was 3.5 times higher in nonfluoridated communities 
and two times higher in fluoridated communities than would be expected 
based on Dean’s findings in 1942. In Auckland, New Zealand, Cutress et al. 
found that diffuse enamel opacities occurred more frequently in fluoridated 
than nonfluoridated areas (p 0.001), with a mouth prevalence of 19 percent 
in the fluoridated areas, but only 8 percent in nonfluorldated areas. 

Aasenden and Peebles who used Moller’s modified version of Dean’s index, 
found a prevalence of fluorosis in the group receiving fluoridated water, of 
32.6 percent, considerably higher than the 10 percent prevalence suggested 
by Dean to occur in fluoridated areas. 

Continued study and monitoring of ‘hental fluorosis in fluoridated and non- 
fluoridated communities is recommended in view of the multitude of fluoride 
sources available today. 

KEY WORDS: Dental fluorosis; Fluoridation; Fluoride ingestion 

REPRINTS Susan M. Szpunar, Program in Dental Public Health, School 
of Public Health, The University of Michigan, Ann Arbor, 
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INSIRUCTIONS TO AUTHORS 

Fluoride, the  official journal of the  International Society for 
Fluoride Research (ISFR) is published quarterly (January, April, July, 
October). Its scope is the publication of papers and reports  on the  
biological, chemical, ecological, industrial, toxicological and clinical 
aspects of inorganic and organic fluoride compounds. Papers presented 
at t h e  annual ISFR conference are published in Fluoride. Submission 
of a paper implies tha t  i t  presents original investigations and relevant 
bio-medical observations. Review papers are also accepted. 

PREPARATION OF PAPERS 

1. General - No precise limit is  given on t h e  length of the  paper; 
i t  should be writ ten concisely in English, submitted in two copies, 
doublespaced with generous margins. Measures a r e  given in met r ic  
system (SI). 
2. Title - A concise but informative title should be followed by t h e  
name of author(s), the  location and state (country) where t h e  research 
was carried out. The name and address of the  institution where the 
work was done should appear at t h e  bottom of the  first  page. 
3. Summary - The paper should begin with a brief, factual  summary. 
4. Introduction - Following t h e  summary, a short introduction should 
state the  reason for the  work with a brief review of previous works 
on the  subject. References are given by numbers in parentheses. 
5. Materials and Methods - should be condensed; however if the 
methodology is new or developed by the  author(s) i t  can  b e  more 
detailed. 
6. Results - should contain t h e  direct conclusions of t h e  experi- 
mental  work. 
7. Discussion - should deal with the  Benerd conclusions. Reference 
should be made to other  work on the  subject with an indication 
whether the  experimental results agree or disagree with previous work. 
In short papers, results and discussion can  be combined. 
8. Abbreviations or Acroayms - must be defined e i ther  parentheti-  
cally or in a footnote when they first  appear. 
9. Bibliography - should be arranged according to t h e  order in which 
the  art icles a r e  c i ted in the  tex t  (not alphabetically). An example 
follows: 

Fiske, C.H. and Subba Row, Y.: The Colorimetric Determina- 
tion of Phosphorus. 7 .  B i d .  Chem., 66:375-400, 1925. 

For books, t h e  title, editor, publisher, location and year  of publication, 
and pages should be given. 
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